Absbact-In a general command tracking and disturbance rejection problem, it is known that a sampled-data controller using zero-order hold may only guarantee the asymptotic tracking at the sampling instances, but cannot smooth out the ripples between the sampling instances. In this paper, a sampled-data robust servomechanism controller using exponential hold is developed for guaranteeing the asymptotic tracking not only at, but also between, the sampling instances. In this development, a so called "internally-reducible" condition to characterize a class of robust servomechanism controllers is derived first, then the proposed controller is shown to be contained in this class. Generally speaking, a sampled-data structure using exponential hold can provide more design freedoms so that it tends to simplify the comtruction of a robust servomechanism controller and facilitate the implementation on digital computers. An example for a dc motor control is presented to illustrate the advantages of this approach.
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I. INTRODUC~ION
The robust servomechanism problem of a multivariable linear timeinvariant system has been widely considered in the literature. In this problem it is desired to obtain a so-called "robust servomechanism controller" [3] , [7] to guarantee the asymptotic tracking and disturbance rejection in the permission of plant variations. In many cases, one may prefer to implement a robust servomechanism controller in digital rather than analog form, especially when only discrete output measurements are dealt with or when the control scheme is to be implemented on a digital computer.
It is known that if the steady state of either the reference input or the disturbance is not constant (e.g., ramps, sinusoids, polynomials, etc.), then a sampled-data controller using zero-order hold will give rise to ripple error. That is, the intersampling error exists and never decays, although the steady-state error is zero at the sampling instances. More seriously, if the sampling rate is slow, then the ripple error may even become unacceptable. The ripple error resulted from this structure has been illustrated by Franklin and Emami [ 11; they have shown that the continuous internal model principle is a necessary and sufficient condition for guaranteeing the ripple-free tracking.
To avoid the occurrence of the undesired ripple error, a hybrid method which uses a preparatory analog internal model followed by a digital stabilizing compensator is usually employed [I], [2] . Although such a hybrid controller will guarantee the asymptotic ripple free tracking, a high order single-rate digital compensator may be required since the digital compensator has to stabilize the augmented system comprising the plant and the preparatory analog internal model. In this paper, a sampled-data robust servomechanism controller combining a discrete-time internal model and an exponential hold is developed. The combination acts as a continuous-time internal model, so that the desired ripple free tracking can be achieved. The developed controller structure is described in a rather general form. A distinctive feature of the structure is that it can lead to a closed-loop system expressible in the dual form of complete state feedback. This allows us to choose the parameters more conveniently (e.g.. pole placement or optimal design approach).
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PRELIMINARY
Consider the linear time-invariant system
( 1 .a)
where x E R" is the state of the system, U E R" is the input of the system, y E R" is the output of the system which is measurable and (1) By the analysis of transfer function of a linear time-invariant robust servomechanism controller given by Desore and Wang [6] , it is obvious that every linear time-invariant error-driven robust servomechanism controller is internally reducible. The advantage of giving the internally-reducible class is that it contains the sampleddata robust servomechanism controller using exponential hold as will be presented in this paper.
INTERNALLY-REDUCIBLE ROBUST SERVOMECHANISMCONTROLLER
In this section, it is shown that a linear, internally-reducible, errordriven controller is a robust servomechanism controller if the resultant closed-loop system is asymptotically stable. Besides, the steady-state trajectories resulted from a linear, internally-reducible, error-driven robust servomechanism controller is unique. Thus from the viewpoint of "deviation variables" [9] , the robust servomechanism problem can be treated as a regulating problem.
A. The Deviation Model
One of the valuable approaches to synthesize a robust servomechanism controller is by way of the "deviation model. 
Pro08
Notice that the internally-reducible condition implies that there exists an initial condition of the controller, such that 6, = f(e) holds. Hence the asymptotically stable controller can also be considered as a stabilizing regulator of the model (6).
Claim 2: A necessary condition for the closed-loop system to be asymptotically stable is that the transmission zero assumption (2) holds.
Proof:
A counter proof will be employed to check this claim. Assume the transmission zero assumption (2) Notice that (5) has a unique solution for any parameters A, B, C , F, G , Cd, and C , if the transmission zero assumption (2) holds. Therefore by the above two claims, it is concluded that the asymptotic tracking action occurs as long as the resultant closed-loop system is asymptotically stable. Hence, the theorem is proved. 0
Remark I : Since the transmission zero assumption (2) is a necessary condition for the existence of a robust servomechanism controller and the model (6) can be uniquely defined when the transmission zero assumption holds, so that by the Claim 1 of Theorem 1, it is concluded that 6, (t) and 6, (t) are just the deviations from the ultimate steadystate trajectories of ~( t ) and u(t). respectively. Due to this fact, the model (6) is called the "deviation model" associated with system (1). Notice that the unique existence of deviation model can only be guaranteed in the case of dim ( U ) = dim (e), otherwise, Definition 2 (and so Theorem 1) may be invalid.
B. Steady-State Input Model
To develop a sampled-data robust servomechanism controller, it is convenient to represent the steady-state input trajectory ulSs (t) in terms of a discrete-time model. To do so, let 
IV. SAMPLED-DATA ROBUST SERVOMECHANISMCONTROLLER
A. A Linear Dynamical Class
Consider the following controller (also see Fig. 1 ): (15) is reduced to the form (21) (i.e., the controller exists -an initial condition such that the zero input 0, yields the output
T z 1 z T ( t ) +~z z z , 4 ( t ) ) .
Thus the controller (15) is a robust servomechanism controller of system (1).
assumption (2) (20) or (22)), the parameter choice of the proposed controller (15) (or (23) ) can be transformed into the dual of a complete state feedback problem. 
B. Continuous-Time Intemul Model
V. EXAMPLE
Consider a dc motor described by equation [5] .
where d = 1 is a constant disturbance. The output is desired to track a sinusoidal signal described as Comparison of output responses, where (a) using the sampled-data
VI. CONCLUSIONS
In this paper, a new strategy based on the combination of a discrete-time internal model and an exponential hold is proposed for constructing a ripple free sampled-data robust servomechanism controller. The proposed controller can guarantee the asymptotic tracking not only at, but also between, the sampling instances. This is due to the weighting by the exponential hold, so that the correct waveform of input can be obtained when the steady state is reached.
An advantage of this approach is that more design freedoms can be obtained from the structure. Thus even if the controller is at the simplest form, it remains possible to convert the design into the dual of a complete state feedback problem (see Corollary 1). Besides, the measurements and the on-line computations of the proposed controller are arranged to base on the sampling periods, so that the control scheme is easily implemented by digital computers.
APPENDIX
LemmuA.1: Let El E C q x q , Ez E Cqxq, E3 E C f x f and 
M f
E4f
Thus by checking the diagonal terms, the lemma is easily derived. 0
